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plurality of drives being actuated to bring the whole of the
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FIG. 6
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FIG. 13
PRIOR ART

FIG. 14
PRIOR ART
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1
ROTARY SHAKING SEPARATOR

FIELD OF THE INVENTION

The present invention relates to a separator for separating,
unhulled rice and unpolished rice from each other after
hulling rice, and 1n particular, to such type of separator that
rotationally shakes a circular separating vessel for the sepa-
ration.

DESCRIPTION OF THE PRIOR ART

The mventor of the present invention has suggested 1n the
Japanese Patent Application No. H11-106959 a rotary shak-
ing separator which can reduce a space for installing the
separator while maintaining separating accuracy of each of
a plurality of circular separating vessels at a certamn level
even 1f they are arranged 1n multi-rows. To describe the
conilguration of this separator with reference to FIG. 13, the
separator 1s designed to have a geometry 1n which a vertical
supporting point “O” of an eccentric revolving motion 1s
arranged above a shaft center of a rotary shaft 13 and an
inclination line “P” 1s extended downwardly from said
vertical supporting point “O” with a predetermined inclina-
tion angle, and a separating vessel 4A 1s rotatably mounted
to an eccentric portion 22A, 23A formed on said inclination
line “P”.

FIG. 14 1s a schematic view illustrating said separating
vessel 4A being revolved by the rotary shaft 13, and FIG. 15
1s a schematic top view of the separating vessel 4A. Refer-
ring to FIGS. 14 and 15, the separating vessel 4A 1s
supported by an eccentric portion “H” of the rotary shaft 13
inserted through a central portion “S” of the separating
vessel 4A to allow the rotary shaft 13 to rotate with respect
thereto, while a peripheral edge portion of the separating
vessel 4A 1s supported by a plurality of springs “B” to
prevent free rotation thereof (the separating vessel 4A1s held
and restrained at the central portion thereof by the rotary
shaft 13 and at the peripheral edge portion thereof by the
plurality of springs “B” respectively so that the motion of the
separating vessel 4A is limited to a certain range). As the
rotary shaft 13 rotates, the separating vessel 4A 1s revolved
around the rotation center “O” of the rotary shaft 13 by an
eccentricity amount “r” (as shown by dotted lines 4A1, 4A2
and 4A3 in FIG. 15), and thereby unhulled rice and unpol-
1shed rice 1n the rice mixture are separated from each other
on the separating vessel 4A so that the unhulled rice is
discharged through a unhulled rice discharging port dis-
posed 1n the vicinity of the central portion “S” and the
unpolished rice 1s discharged through an unpolished rice
discharging port disposed in the vicinity of the peripheral
edge portion.

As for said separating vessel 4A, the rotary shaft 13 1s
designed to rotate under the condition that a center of gravity
“G” of the separating vessel 4A 1s on the central portion “S”
of the separating vessel 4A, but if supply of material to be
separated 1s increased, the center of gravity is oifset from the
central portion “S” by the eccentricity amount “e”, which
may result in a failure in separation (Gl in FIG. 14).
Furthermore, when stifiness of the springs “B” for prevent-
ing the free rotation of the separating vessel 4A gets weaker
through a long-term service, a travelling distance of said
materials placed on the separating plates of the separating
vessel 4A to be separated thereby 1s possibly varied even
along the same radu symmetrical to each other around the
central portion “S”, resulting 1n a failure in separation at
some locations 1n the same separating vessel 4A.

Yet further, because the rotary shaft 13 1s inserted through
the central portion “S” of the separating vessel 4A, the
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unhulled rice discharging port 1s necessarily designed to be
narrow, which has exhibited some disadvantages that
mounting of components 1s difficult, maintenance thereof 1s
troublesome, and discharge of unhulled rice 1s not facili-
tated.

SUMMARY OF THE INVENTION

In the light of the problems described above, an object of
the present invention 1s to provide a rotary shaking separator
which prevents a failure 1n separation 1n the same separating,
vessel, allowing a constant separating accuracy to be
maintained, without requiring a rotary shaft to be inserted
through a central portion of the separating vessel.

To solve the problems described above, the present inven-
tion provides 1n the view of technology a rotary shaking
separator comprising a separating vessel having a plurality
of segmental separating plates arranged 1n a cone-shape
form and a drive means for rotationally shaking said sepa-
rating vessel so that once material to be separated, which 1s
mixture composed of unhulled rice and unpolished rice, 1s
supplied into a predetermined location of said separating
vessel, said unhulled lice 1s discharged from a peripheral
edge portion of said separating vessel and said unpolished
rice 15 discharged from a central bottom portion of said
separating vessel, wherein said separating vessel 15 sup-
ported by a plurality of drive means arranged in peripheral
edge portions therecof on the same radu from the center of
said separating vessel with arc lengths thereof being equal to
onc another, and said peripheral edge portions of said
separating vessel are sequentially driven elliptically by said
plurality of drive means to rotationally shake the whole of
said separating vessel. Owing to this arrangement, since the
mixture of unhulled rice and unpolished rice supplied nto
the separating vessel has greater acceleration in the vicinity
of the peripheral portions, the unpolished rice having
smaller grain size and greater specific gravity i1s carried
toward the peripheral edge direction to be discharged from
an unpolished rice discharging port, while the unhulled rice
having greater grain size and smaller specific gravity slides
down along the cone-shaped separating plates to be dis-
charged from a central bottom portion of the separating
vessel, thereby making it possible to retain a constant degree
of separating accuracy without any failure in separation
which might otherwise occur on the same separating plate
and further to provide a rotary shaking separator which
requires no rotary shaft inserted through the central portion
of the separating vessel.

Further, 1t 1s preferable that the rotary shaking separator
has a plurality of electric motors each being provided
corresponding to each of a plurality of drive means. In this
case, 1t 1s preferable that, in order to operate the plurality of
clectric motors synchronously, the apparatus comprises a
measuring device for measuring a number of revolutions of
a drive shaft of each of the electric motors and a controller
for controlling every electric motor to be driven 1n a speciiic
number of revolution based on the outputs from the mea-
suring device as well as for actuating every electric motor
synchronously with a specific phase delay therebetween, so
that the drive means may be protected from being damaged
by a possible over loading which might occur when the
number of revolutions of each electric motor 1s varied or the
phase thereof 1s shifted improperly.

Further, since a single electric motor may be used to
actuate said plurality of drive means to eliminate any kinds
of devices to operate a plurality of electric motors
synchronously, the number of controllers and electric motors



US 6,460,704 B2

3

required for synchronous operation could be reduced, and
thus a manufacturing cost could also be reduced.

When a plurality of electric motors are provided for a
plurality of drive means so as to correspond one by one with
cach other, such type of drive means may be employed that
comprises: an mput shaft rotatably arranged vertically so as
to transmit the revolution from an electric motor; a swash
plate cam axially attached to said input shaft; and an output
shaft which follows displacement caused by the revolution
of said swash plate cam to make an elliptical locus. Further,
another type of drive means may also be employed which
comprises: an input shaft rotatably arranged vertically so as
to transmit the revolution from an electric motor; a cam
member having a swash plate cam attached thereto by
inserting said mput shaft therethrough; and an output shaft
which 1s slidably moved on said swash plate cam driven by
the revolution of said mnput shaft to make an elliptical locus
by a displacement rotationally moving up and down. Yet
further, another type of drive means may also be employed
which comprises: an input shaft rotatably arranged obliquely
so as to transmit the revolution from an electric motor; an
eccentric shaft axially attached to said input shaft; a crank
plate for converting a true circular motion of said eccentric
shaft to an elliptical motion; and an output shaft axially
attached to said crank plate for making an elliptical locus.

On the other hand, 1n the case where a single electric
motor 15 used to actuate said plurality of drive means, such
type of drive means may be employed that comprises: an
input shaft rotatably arranged laterally so as to transmit the
revolution from an electric motor; an intermediate shaft
connected to said mput shaft via a universal joint; and an
eccentric shaft axially attached to said intermediate shaft.

Furthermore, said separating vessels arranged mto multi-
rows could enhance a separating ability 1n comparison with
the separating vessel 1n single-row.

Still further, an apparatus according to the present inven-
tion further comprises: a circular dam disposed on a sepa-
rating plate 1n a center of said separating vessel and having
a unhulled rice discharging port; a shutter for opening or
closing said unhulled rice discharging port; and a unit for
actuating said shutter; wherein, said unit for actuating said
shutter 1s actuated 1n response to an output signal from a
unhulled rice/unpolished rice detection sensor for distin-
cuishing the unhulled rice and unpolished rice from each
other on the separating plates, so that a discharge amount of
the unhulled rice could be controlled based on a proportion
of the unhulled rice layer to the unpolished rice layer on the
cone-shaped separating plates during a period from the
beginning of separation throughout the separating operation.

Yet further, since each of said separating plates of said
separating vessel 1s constructed such that an inclination
angle thereof 1s allowed to be regulated respectively and said
apparatus further comprises a regulator unit for regulating
the mclination angle of said separating plates, the inclination
angle or a slope of he separating plate of the separating
vessel can be adjusted, so that a thickness of the layer of rice
mixture on the separating plates can be controlled appropri-
ately.

Besides, since the apparatus according to the present
invention further comprises a level sensor for detecting a
level of a layer thickness of rice mixture on said separating
plates so that when said level sensor detects the thickness of
the layer of said rice mixture being over or under a prede-
termined level, said regulator unit 1s actuated to regulate the
inclination angle of the separating plates toward a gentle
slope direction or a steep slope direction, the rice mixture
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can be distributed over the separating plates with the level 1n
layer thickness being higher in the central side gradually
oetting lower toward the peripheral edge side thus to reduce
a possible risk that the unhulled rice 1s discharged by
centrifugal force through the unpolished rice discharging
port.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic plan view illustrating a rotary
shaking separator according to the present invention;

FIG. 2 1s a schematic longitudinal cross sectional view
illustrating a rotary shaking separator according to the
present 1nvention being driven;

FIG. 3 1s a perspective view of a swash plate cam C;

FIG. 4 shows an embodiment of a drive means to which
the swash plate cam C 1s applied;

FIG. 5 1s a schematic plan view 1illustrating an alternative
embodiment of the drive means;

FIG. 6 1s a schematic plan view of a configuration in
which four actuators “A” are operated by a single motor

shaft;

FIG. 7 1s a schematic side elevation view of the configu-
ration of FIG. 6, viewed from the motor shaft side;

FIG. 8 1s an enlarged view 1llustrating a connection of a
support member with a separating vessel;

FIG. 9 1s a schematic longitudinal cross sectional view
illustrating an alternative embodiment of the drive means;

FIG. 10 1s an enlarged view of a crank plate;

FIG. 11 1s a schematic plan view of a multi-row model of
the rotary shaking separator;

FIG. 12 1s a schematic cross sectional side elevation view
of a multi-row model of the rotary shaking separator;

FIG. 13 1s a schematic view of configuration of a rotary
shaking separator according to the prior art;

FIG. 14 1s a schematic view of the rotary shaking sepa-
rator according to the prior art, illustrating a selecting frame
4A being rotated by an eccentric rotary shaft 13;

FIG. 15 1s a schematic top view of the selecting frame 4A
in the rotary shaking separator according to the prior art;

FIG. 16 1s a block diagram of a controller for synchro-
nously driving a plurality of electric motors;

FIG. 17 1s a diagram of pulse signals of sensors S1, S2 and
S3 for measuring the revolution numbers of rotary shafts of
respective motors;

FIG. 18 1s a longitudinal cross sectional view 1llustrating,
internal components of a separating vessel;

FIG. 19 1s a schematic plan view of the separating vessel;

FIG. 20 1s a perspective view of a mechanism for regu-
lating an 1nclination angle of separating plates;

FIG. 21 1s a plan view of a circular dam arranged on the
separating plates;

FIG. 22 1s a longitudinal cross sectional view of FIG. 21;

FIG. 23 1s a plan view of a separating vessel equipped
with a unhulled rice/unpolished rice detection sensor and a
level sensor;

FIG. 24 1s a diagram 1illustrating an operation of a level
sensor 1n detecting a layer thickness;

FIG. 25 1s a diagram 1llustrating an operation of another
level sensor 1n detecting a layer thickness; and

FIG. 26 1s a diagram 1llustrating a relation between a level
sensor and a separating condition on separating plates.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be described
with reference to the attached drawings. Although 1n the
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present embodiment the description focuses on a rotary
shaking separator for separating mainly grain mixture com-
posed of unhulled rice and unpolished rice mnto respective
groups, 1t should be appreciated that the present invention 1s
not limited to this application but 1s applied to any rotary
shaking separator which separates and sorts out refined
product from extraneous substance, such as oats from for-
cign matter, rubber from foreign matter, sawdust from
foreign matter, buckwheat from buckwheat hull, plastic
from foreign matter, and the likes. FIG. 1 1s a schematic plan
view of a rotary shaking separator according to the present
invention while FIG. 2 1s a schematic longitudinal cross
sectional view, 1llustrating a rotary shaking separator being
driven. Main part of a rotary shaking separator 1 comprises
a cone-shaped separating vessel 4 having a central bottom
portion 2 formed to be concave and a peripheral edge portion
3 formed to be into higher level, a plurality of segmental
separating plates 5 laid within said separating vessel 4 1n a
shape of circle 1n plan view, a plurality of drive means 6 for
supporting the peripheral edge portion 3 of the separating
vessel 4 and for rotationally shaking the separating vessel 4,
a supply means 7 for supplying mixture composed of
unhulled rice and unpolished rice into a specified location
“S” on the segmental separating plates 5, a unhulled rice
discharging port 8 for discharging unhulled rice from the
central bottom portion 2, and an unpolished rice discharging
port 9 for discharging unpolished rice from the peripheral
edge portion 3 of the separating vessel 4.

Said drive means 6 1s composed of, for example, three
pieces of drive means 1n total, each of the drive means 6
being arranged 1n each of three sections which are created by
dividing the arc of the peripheral edge 3 of the separating
vessel 4 by three at every 120° (see FIG. 1). One end of each
of the drive means 6 1s defined as fixed end “K” to constrain
a motion, while the other end thereof 1s defined as an
actuator “A” to support the separating vessel 4 and bring the
container 1to a rotationally shaking motion. Three drive
means 6 arc correspondingly provided with three electric
motors “M” as one to one respectively, and 1n the case where
the three electric motors M1, M2 and M3 are driven
synchronously, there may be preferably provided further
with a measuring means for measuring the number of
revolutions of drive shaft of each of the electric motors M1,
M2 and M3 as shown 1n FIG. 16, and a controller for
controlling all of the electric motors to have the predeter-
mined same number of revolutions based on the outputs
from said measuring means and also for actuating respective
clectric motors synchronously with a specified phase delay
therebetween. FIG. 17 shows pulse signals of sensors S1, S2
and S3 for respectively measuring the number of revolutions
of a rotary shaft of each of the electric motors, and the
operation of the electric motor will be described with
reference to FIGS. 16 and 17. A signal from each of the
sensors S1, S2 and S3 for measuring the number of revo-
lutions of the drive shaft 10 of each motor 1s analogue-to-
digital-converted into a pulse signal as shown 1n FIG. 17 by
an A/D converter 66, which pulse signal 1n turn 1s transmit-
ted to a CPU 68 via an input/output circuit 67. A CPU 68
connects with a storage unit composed of a ROM 69 and a
RAM 70, in which a predetermined number of motor
revolutions, timing of synchronization and the like have
been stored. The CPU 68, based on the signal obtained from
each of the sensors S1, S2 and S3, controls all of the motors
M1, M2 and M3 to have a certain number of revolutions as
well as actuates the electric motor M1, M2 and M3 syn-
chronously so that each of them are activated with a phase
delayed as shown by a wave form 1n FIG. 17.
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As for a motion of the actuator “A”, 1t 1s required that the
separating vessel 4 1s driven to form an elliptical motion “D”
(see an arrow “D” in FIG. 2) as viewed from the side thereof.
On this purpose, a swash plate cam “C” or the like shown 1n
FIG. 3 may be employed. That 1s, while the longitudinal
shaft “B” as an input shaft side 1s 1n 1ts rotating motion, “a
roller” 1s slidably driven by the swash plate cam “C” axially
attached to the longitudinal shaft “B” to bring the actuator

“A” as an output shaft side mnto an elliptical motion.

FIG. 4 shows an embodiment of the drive means 6 to
which a swash plate cam “C” 1s applied. This drive means
6 comprises; a motor 11 having a longitudinal motor shaft
rotating as an input shaft side; a rotary shaft 13 axially
attached to the motor shaft 10 and having a whirl-stop 12
arranged 1n an upper portion thereof; a cylindrical cam
member 14 through which said rotary shaft 13 is inserted
and to which the swash plate cam “C” 1s attached projecting
outwardly therefrom with a certain inclination angle; a pair
of rollers 15, 15, which sidably move sandwiching the swash
plate cam “C” at an upper and lower surfaces therecof; a
support member 16 which moves up and down associated
with the motion of said rollers 15, 15; a cylindrical member
17 which 1s rotationally moved up and down by said support
member 16 and said whirl-stop 12; a second rotary shaft 18
arranged on an upper end of said cylindrical member 17 as
oifset from a center of axis of said rotary shaft 13; and a joint
piece 19 for coupling the second rotary shaft 18 to the
separating vessel 4. Reference numeral 20 designates a
bearing arranged to allow the rotary shaft 13 to rotate within
the cam member 14, and reference numeral 21 designates
another bearing arranged to allow the cylindrical member 17
to be rotationally moved up and down around the rotary
shaft 13. Further, reference numeral 22 designates an elon-
cgated hole disposed 1n the cylindrical member 17, through
which the whirl-stop 12 of the rotary shaft 13 is inserted.

An operation of a mechanism of the configuration
explained above will be described. The drive means 6 1n the
present invention, as shown in FIG. 1, 1s composed of three
pieces of drive means 1n total, each of the drive means being
disposed 1n each one of the sections which are defined by
dividing the arc of peripheral edge portion 3 of the separat-
ing vessel 4 by three at every 120°. Each of the three drive
means 6 1s sequentially driven 1n a different cycle thus to
rotationally shake the separating vessel 4 as a whole. FIG. 4
also shows “which location on the elliptical locus shown 1n
FIG. 2, each one of those three drive means 1s positioned in”,
wherein a phase is shifted at the point “A”, point “B” and
point “C” on the elliptical locus and the each one of three
drive means 6 1s respectively driven at each point to cause
the separating vessel 4 to be rotationally shaken.

Then, when the motor 11 i FIG. 4 1s rotated, the
longitudinal motor shaft 10 1s rotated followed by the
rotation of the rotary shaft 13. When the rotary shaft 13 is
rotated, the cylindrical member 17 1s rotated by the whirl-
stop 12 attached to the upper portion of the rotary shaft 13,
and 1n turn the support member 16 fixedly attached to the
cylindrical member 17 1s also rotated. Then, when a pair of
rollers 15, 15 attached to the lower end of the support
member 16 sidably moves around the cam member 14
upwardly as sandwiching the swash plate cam “C” at the
upper and lower surfaces thereof, the cylindrical member 17
1s gradually moved upward with respect to the rotary shaft
13. On the other hand, when the pair of rollers 15, 15 passes
over the upper dead point to sidably move around the cam
member 14 downwardly, the cylindrical member 17 1is
oradually moved down with respect to the rotary shaft 13.
The separating vessel 4 1s connected to the cylindrical
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member 17 via the second rotary shaft 18 and the joint piece
19, so that a motion of the separating vessel 4 1s not strictly
limited but the separating vessel 4 1s allowed to move freely
to a certain extent.

The locus of the separating vessel 4 made by said drive
means 6 1nevitably becomes an elliptical locus when taking
the motions 1n a horizontal direction and a vertical direction
and also an inclined surface of the swash plate cam “C” 1nto
account, wherein a stroke 1n the horizontal direction defines
a longitudinal axis of the ellipse and a stroke 1n the vertical
direction defines a lateral axis of the ellipse. This means that
the separating vessel 1s rotationally shaken at three locations
in the peripheral edge portion thereof in order. That 1s, when
one of the three drive means 6 disposed respectively 1n one
of the three locations on the peripheral edge portion of the
separating vessel 1s currently 1n point “A” on the elliptical
locus, the other two of the drive means 6 disposed 1n the
other locations are either 1n point “B” or point “C”
respectively, thus to rotationally shake the separating vessel
In sequence.

Since rice mixture composed of unhulled rice and unpol-
ished rice supplied into the separating vessel 4 (see FIG. 1)
has an acceleration getting greater toward the vicinity of the
peripheral edge portion 3 and further the circular separating,
plate S 1s arranged as inclined upward toward the peripheral
edge portion 3, the unpolished rice having smaller grain size
and higher specific gravity 1s carried toward the peripheral
cdge portion to be discharged from the unpolished rice
discharging port 9, while the unhulled rice having greater
orain size and lower specific gravity slides down on the
cone-shaped separating plate 5 to be discharged through the
unhulled rice discharging port 8.

The configuration described above eliminates a failure in
separation which otherwise possibly occurs on the same
separating vessel 4, and makes 1t possible to maintain
separating accuracy at a certain level as well as to provide
an rotary shaking separator which requires no rotary shaft
inserted through the central portion of the separating vessel

4.

FIG. 9 1s a schematic longitudinal cross sectional view of
another embodiment. FIG. 9 shows the embodiment 1n
which a separating vessel 4 1s supported from under side
along a diagonal direction 1n side view by a drive means at
a nose portion thereof to give an elliptical motion to the sep
arating vessel 4. In the case where the separating vessel 4 1s
supported from under side along the diagonal direction,
preferably the separating vessel 4 1s supported by an eccen-
tric shaft 50 via a crank plate 47 as shown in FIG. 10.
Reference numeral 48 designates a rotary plate for connect-
ing a motor shaft 49 with the eccentric shaft 50, and
reference numeral 51 designates an eccentric shaft which 1s
driven by the crank plate 47 to make an elliptical motion,
said eccentric shaft 51 being fixedly attached to the sepa-
rating vessel 4 via a fixing bracket 52. Reference numeral 53
designates a bearing which rotatably supports the eccentric

shaft 51.

The crank plate 47 shown 1n FIGS. 9 and 10 has: an
clongated hole 55 formed 1n a lower portion thereof, through
which a supporting shaft 54 1s inserted to make a supporting,
point of up and down motion; a bearing 56 disposed in an
upper portion thereof for receiving the eccentric shatt 50;
and the eccentric shaft 51 attached thereto at a middle
portion thereof, which protrudes therefrom and makes an
clliptical motion. As the motor shaft 49 of a gear motor 57
rotates, the elliptical plate 47 moves from a position indi-
cated by a solid line to another position indicated by an
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alternate long and short dash line (see FIG. 10) thus to allow
the separating vessel 4 to move elliptically in side view. As
similar to the above description, the same effect may be
obtained from the other two drive means, when a phase of
the each eccentric shaft of these drive means 1s shifted by
every 120°. The configuration described above eliminates a
failure 1n separation which otherwise possibly occurs on the
same separating vessel 4, and makes it possible to maintain
separafing accuracy at a certain level as well as to provide
an rotary shaking separator which requires no rotary shaft

inserted through the central portion of the separating vessel

4.

An alternative embodiment of the drive means 6 shown 1n
FIG. 5, comprises four drive means 1n total, each one of the
four drive means 6 being disposed 1n each one of four
locations which are defined by dividing a peripheral edge
portion 3 of a separating vessel 4 by four at every 90°. Each
of the four drive means 6, as similar to that shown 1n FIG.
1, has one end fixedly attached to a machine frame and the
other end served as an actuator “A” for supporting the
separating vessel 4 to bring 1t 1nto a rotationally shaking
motion.

Although the embodiment of the drive means shown 1n
FIG. § comprises four units of drive means 6 1n total, an
application 1s not limited to this but one motor shaft may be
used to actuate all of four units of actuators “A”. FIG. 6 1s
a schematic plane view 1llustrating an embodiment which
employs one motor shaft to actuate all of four units of
actuators “A”, and FIG. 7 1s a schematic side elevation view
of FIG. 6 viewed from the motor shaft side.

In FIGS. 6 and 7, a square machine frame 23 has four
support members 25 each being fixedly attached to an upper
portion of each of four corner portions 24 thereof respec-
tively for supporting the circular separating vessel 4, and a
single motor 27 having a motor shaft 26 1s fixedly mounted
to a leg portion 28 of the machine frame 23. To explain the
relationship between the circular separating vessel 4 and the
four support members 235, a following description focuses on
one of the support members 25. A rotary shatt 30 supported
by a bearing 29 in the support member 25 and an eccentric
shaft 31 offset from the center of said rotary shaft 30, are
connected to each other by a rotary plate 32, wherein the
eccentric shaft 31 extending from said rotary plate 32 is
inserted through an eccentric bearing 33 fixedly attached to
the separating vessel 4 so as to support and eccentrically
shake the separating vessel 4. Further, each of the rotary
shafts 30 1s coupled with an intermediate shaft 36 via two
umversal joints 34 and 35 so as to transmit a revolution even
when the rotary shaft 30 and the intermediate shaft 36 are
not aligned but crossed.

A mechanism for transmitting an output from the single
motor shaft 26 to the intermediate shafts 36 will now be
described. Initially, the revolution from the motor shaft 26 is
transmitted to an elongated central shaft 37 rotatably dis-
posed laterally 1 a central portion of the machine frame 23,
which allows two outputs to be taken out from one end side
37A and the other end side 37B respectively, and then each
of these two outputs 1s transmitted to two intermediate shafts
36 respectively thus to transmit the revolution to four
intermediate shafts 36 in total. A revolution 1s transmitted
via a chamn 40 from a sprocket 38 axially attached to the
motor shaft 26 to another sprocket 39 axially attached to the
central shaft 37, and then the revolution 1s transmitted via a
chain 43 associated with an 1dle sprocket 42 from a sprocket
39A axaally attached to the one end side of the central shaft
37 to two sprockets 41A, 41A axially attached to two
intermediate shafts 36, 36 respectively. Similarly, the revo-
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lution 1s transmitted via a chain 45 associated with an 1dle
sprocket 44 from a sprocket 39B axially attached to the other
side of the central shaft 37 to the other two sprockets 41B,
41B axially attached to the other two intermediate shafts 36,
36, respectively.

An operation of a mechanism of the configuration
described above will now be described with reference to
FIG. 8. FIG. 8 1s an enlarged view 1illustrating a connection
between the support member and the separating vessel,

wherein when the revolution from the motor shaft 26 1s
transmitted to the intermediate shaft 36 through a mecha-
nism of the above configuration, the revolution i1s 1n turn
transmitted through the universal joint 35 to the rotary shaft
30 1n the support member 25. Since the rotary shatt 30 1s
supported by the support member 25, 1t can drive to rotate
the rotary plate 32 at the center thereof without vibrating. On
the other side of the rotary plate 32, the eccentric shaft 31 1s
attached via a joint 46 so as to protrude at a position offset
from the center of the rotary plate 32 so that a front end
portion of the eccentric shaft 31 i1s inserted through the
eccentric bearing 33 fixedly attached to the separating vessel
4 and thereby the separating vessel 4 may be rotationally
shaken. The separating vessel 4 in FIG. 8 1s eccentrically
shaken from a position indicated by a solid line to another
position indicated by an alternate long and short dash line,
wherein a position in a lower dead point is at 36°, while a
position in an upper dead point is at 45° and the displace-
ment caused by the eccentric shake is 6°.

Although the effect 1s described with reference to one of
the support member 1n FIG. 8, the same effect 1s obtained
from each one of the other three support members when the
phase of the eccentric shaft is shifted by every 90°. The
configuration as described above eliminates any failure in
separation which otherwise possibly occurs on the same
separating vessel 4, and makes it possible to maintain
separating accuracy at a certain level as well as to provide
a rotary shaking separator which requires no rotary shaft
inserted through the central ortion of the separating vessel 4.

FIGS. 11 and 12 show a multi-row model of a rotary
shaking separator which requires no rotary shait inserted
through the central portion of the separating vessels 4,
wherein referring to the schematic plan view of FIG. 11, a
peripheral edge portion 3 of each of the separating vessels 4
1s supported at three locations, so that the separating vessel
4 1s rotationally shaken by the drive means 6 disposed at said
three locations. In this model, two separating vessels 4A and
4B are arranged opposite to each other, and material supply
pipes 39A, 539B or means for supplying material to each of
the two separating vessels 4A, 4B and unpolished rice
discharging gutters 60A, 60B for discharging separated
unpolished rice from each of the two separating vessels 4A,
4B are respectively disposed 1n the middle portion between
those containers 4A, 4B.

FIG. 12 1s a schematic longitudinal cross sectional view
of the multi-row model. Referring to FIG. 12, numbers of
unpolished rice discharging gutters 60 are arranged in the
middle portion between a ridge of the separating vessels 4A
and another ridge of the separating vessels 4B to discharge
the unpolished rice through an unpolished rice discharging
cylinder 65 disposed 1n a central portion of a machine frame
64 to outside of the machine. A circular unhulled rice
discharging portion 61 i1s formed in the central portion of
cach separating vessel 4, and only the unhulled rice dis-
charging portion 61 located at the lowest level 1s exclusively
coupled with one end side of corresponding unhulled rice
discharging gutter 62A or 62B, while the other end sides of
the unhulled rice discharging gutters 62A and 62B are
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couples with a unhulled rice discharging cylinder 64 dis-
posed 1n the center of the machine frame 63 to discharge the
unhulled lice to outside of the machine.

In the configuration shown in FIG. 12, two containers
composed of the upper eparating vessel and the lower
container are formed into one unit referred to as 4A' or 4B',
and four sets of the unit 4A' and another four sets of the unit
4" are piled up with a unpolished rice discharging cylinder 65
introduced through the middle portion therebetween.

In the above configuration, when the drive means 6 1s
driven, each separating vessel 4 1s rotationally shaken by the
torque of the drive means. As a matter of course, multi-row
model having the configuration described above can
enhance a separating ability in comparison with a single-row
case, while this configuration eliminates any failure in
separation which otherwise possibly occurs on the same
separating vessel 4, and makes 1t possible to retain a certain
level of separating accuracy as well as to provide an rotary
shaking separator which requires no rotary shaft inserted
through the central portion of the separating vessel 4.

A regulator unit for regulating an inclination angle of a
plurality of separating plates within each of the separating
vessels 4 will now be described. As obviously seen from
FIGS. 18 and 20, the segmental separating plates 72 are
arranged 1n a cone-shaped form inside the separating vessel
4. The adjacent separating plates 72, 72 overlap one over
another at side edges thereof. A regulator unit 73 for
regulating an inclination angle of the separating plates 72 1s
disposed beneath the separating plate 72 within the separat-
ing vessel 4. Said regulator unit 73 comprises: a cylindrical
cam 76 attached to a bottom portion 74 of the separating
vessel and having a plurality of oblique cam slots 75; a
rotary drive unmit 78 for rotating said cylindrical cam 76,
which 1ncludes a reversible motor 77; and a support frames
83 having in one end a pin 79 engaged with the cam slot 75
of the cylindrical cam 76, having the other end rotatably
coupled via a pmn 82 to a bracket 81 fixedly attached to a
side-wall 80 of the separating vessel 4, and supporting the
secgmental separating plate 4 from under side. As can be seen
most obviously in FIG. 20, the rotary drive unit 78 includes
a pinion 84 arranged on an output shaft of the reversible
motor 77 and a sector-shaped rack 85 attached to the
cylindrical cam 76 and engaged with the pinion 84, wherein
the revolution of the motor causes the pin 79 to be moved
along the oblique cam slot 75, which 1n turn swings each
separating plate 72 around the rotational coupling pin 82,
and thereby a slope of the separating plate 72 may be
regulated to a desired angle, for example, from 8° to 12°.

Then, the circular dam arranged on the separating plates
to form the unhulled rice discharging portion will be
described. Referring to FIGS. 21 and 22, a relationship
between the separating plates 72 of the separating vessel 4
and the circular dam 86 are shown in detail. The circular
dam 86 1s mounted on the separating plates 72, and a
plurality of springs 87 1s disposed between the circular dam
86 and the separating plates 72 for coupling them. Thus, the
dam 86 1s moved up or down 1n response to the regulated
inclination angle of the separating plates 72, thereby pre-
venting a gap from being created between the separating
plates 72 and the dam 86. The circular dam 86 has an
opening of unhulled rice discharging port 88 and a shutter
for opening or closing said unhulled rice discharging port 88
1s rotatably attached to the dam 86 with a shaft 90. A
solenoid 91 served as an actuator 1s fixedly mounted to the
machine frame and 1s connected to the shutter 89 via a cable
92 to open or close the shutter 89 by the operation of the
solenoid 91. Although the explanation focuses on a solenoid
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to be used for an actuator, 1t should be easily recognized that
an air cylinder might be used.

A unhulled rice/unpolished rice detection sensor will now
be described with reference to FIG. 23. Above the segmental
separating plate 72 of the separating vessel 4 1s provided a
unhulled rice/unpolished rice detection sensor 93, which
radiates light against the unhulled rice and unpolished rice

on the separating plate 72 and receives reflected light to
determine whether they are unhulled rice or unpolished rice
based on a difference 1n amount of the reflected light. Thus,
the unhulled lice/unpolished rice detection sensor 93 deter-
mines a boundary between unhulled rice area and unpol-
ished rice area. The unhulled rice/unpolished rice detection
sensor 93 1s preferably located on the line extending from
the unhulled rice discharging port 88 of the dam 86 radially
toward the side-wall of the separating vessel and as well on
the boundary between the unhulled rice area and the unpol-
1shed rice area somehow closer to the center of the container.

Immediate after the beginning of separating operation,
when the thickness of rice mixture are getting steady as time
ogoes by, the boundary between the unhulled rice area and the
unpolished rice area would be obviously created as shown
by reference Al in FIG. 23. At that time, as the unhulled
rice/unpolished rice detection sensor 93 determines that the
unhulled rice layer exists and sends an ON-signal, the
solenoid 91 responsive to the signal 1s biased through a timer
(not shown) set to a certain time period, for example, within
the range of 0.5 to 1.5 second to open the shutter 89.
Thereby, the unhulled rice are discharged rapidly from the
unhulled rice discharging port 88 and the boundary between
the unhulled rice area and the unpolished rice area moves to
be formed gradually into concave shape as sequentially
indicated by the references Al, A2 and A3. After that, when
the timer 1s turned off and the solenoid 91 1s released, the
shutter 89 closes the unhulled rice discharging port. Then
again, a width of the unhulled rice layer increases and the
boundary returns from the level indicated by reference A3
through the reference A2 back to the reference Al 1n a few
seconds. The unhulled rice/unpolished rice detection sensor
93 again detects the unhulled rice layer, and the solenoid 91
1s biased to open the shutter 89 for a predetermined period.
Thus, when the region of unhulled rice layer moves up to a
specified location, the unhulled rice which have been
dammed are discharged, and when the region of unhulled
rice layer retracts away from a specified level, the discharge
of the unhulled rice 1s stopped. Accordingly, for the period
from the beginning of separation throughout the separating
operation, an amount of unhulled rice to be discharged 1is
controlled based on the ratio of the unhulled rice layer to the
unpolished rice layer on the cone-shaped separating plate. It
1s of course contemplated that the solenoid may be biased by
turning on the manual switch (not shown) to open the shutter
and discharge the unhulled lice from the discharging port 88.

In the operation of separating the unhulled rice and the
unpolished rice in the rice mixture from each other, if
physical properties, such as water contents, friction coeffi-
cient or the likes of the rice mixture remain as constant, the
separating ability would not be changed, but 1n the case of
separating the unhulled rice and the unpolished rice in the
rice mixture from each other having different physical
properties (such as water contents or friction coefficient), the
thickness of layer of the rice mixture on the separating plates
would be varied and eventually the separating ability would
also be influenced. According to the present invention, the
amount of supplied rice mixture and the number of revolu-
tions of the separating vessel are kept in predetermined
values, while the inclination angle or the slope of the
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separating plate of a separating vessel can be regulated 1n
response to the variation in thickness of the layer, thereby
allowing to retain the thickness of the layer 1n an appropriate
level.

Referring to FIG. 23, a level sensor 94 1s further provided
for detecting a thickness of the layer of rice mixture on the
scgmental separating plate 72. The level sensor 94 and said
unhulled rice/unpolished rice detecting sensor 93, as shown
most obviously in FIG. 18, are mounted to a link mechanism

95 arranged 1n parallel with the separating plate 72. As for
the level sensor 935, a photoelectric switch of distance setting
type (available as model No. ES3-CL from Omron Corp.,
Japan) or an analog output photoelectric sensor may be
employer therefor.

FIG. 24 shows an operation of a photoelectric switch 94
of distance setting type in detecting a thickness of a layer.
This photoelectric switch of distance setting type comprises:
a projecting portion 96 for irradiating parallel rays toward a
detecting region; a light receiving lens 97 for condensing
reflected light from an object to be detected; a half-split light
receiving element 98 arranged behind said light receiving
lens 97 and composed of a photodiode N for proximal side
of light recerving and another photodiode F for distal side of
light receiving; and a case 99 containing above elements
therein. The level sensor 94 monitors a position of the rice
mixture on the separating plate 72 comparing with a setting
distance from the upper limit position “LO” of the rice
mixture (for example, a distance from the separating plate 72
is 15 mm) to the photodiode N, and also comparing with a
setting distance from the lower limit position “L1” of the
rice mixture (for example a distance from the separating
plate 72 is 10 mm) to the photodiode F Thus, an appropriate
level 1n thickness of the rice mixture falls 1n the range
between L0 and LL1. Thereby, the operation of the reversible
motor 77 can be controlled by switching on/off operation of
the photodiodes N or F.

When the layer thickness of the rice mixture reaches to L1
level from the separating plate 72 immediate after the
beginning of separating operation, both of the photodiodes
F and N are off and a normal rotation circuit 1s actuated to
rotationally drive the reversible motor 77 in the normal
direction so that the inclination angle of the separating plate
72 may be 1ncreased to be steep. When the layer thickness
increases from L1 level to LO level, the photodiode F 1is
switched on and the photodiode N 1s switched off, so that the
normal rotation circuit can not be actuated to stop the
reversible motor 77. When the layer thickness exceeds L0
level, both of the photodiodes F and N are on and thereby a
reverse rotation circuit 1s actuated to rotationally drive the
reversible motor 77 in the reverse direction so that the
inclination angle of the separating plate 72 may be decreased
to be gentle.

FIG. 25 shows an operation of an analog output photo-
clectric sensor 1n detecting a thickness of a layer. The analog
output photoelectric sensor comprises: a projecting portion
96 for irradiating parallel rays toward a detecting region; a
light receiving lens 97 for condensing reflected light from an
object to be detected; a light receiving element 98' arranged
behind said light receiving lens 97; and a case 99 containing
above clements therein; wherein outputs from the light
receiving element 98' at the upper and the lower limit levels
are set as upper and lower thresholds respectively, and if the
output from the light receiving element 1s within the range
between the thresholds, then the angle of the separating plate
72 1s determined to be appropriate and the reversible motor
77 1s not driven, while 1f the output is over the upper
threshold or under the lower threshold, the reversible motor
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77 1s rotationally driven to decrease or 1ncrease the inclina-
fion angle of the separating plate 72.

As having been described above, since the level sensor 1s
located 1n rather proximal side to the center of the separating
plate 72 and detects the layer thickness at that region to
regulate the inclination angle of the separating plate 72, the
rice mixture 1s distributed over the separating plate 72 with
the layer thickness being thicker in central side gradually

getting thinner toward the peripheral side (see FIG. 26), so
that such risk can be reduced that the unhulled rice might be
discharged from the unpolished rice discharging port by the
centrifugal force.

AVAILABILITY TO INDUSTRIAL USE

As having been described above, since the present inven-
fion provide a rotary shaking separator comprising; a sepa-
rating vessel having a plurality of segmental separating
plates arranged 1n the cone-shaped form; and a drive means
for rotationally shaking said separating vessel, so that once
material to be separated, that 1s mixture composed of
unhulled rice and unpolished rice, 1s supplied 1nto a prede-
termined location of said separating vessel, the components
of said mixture are discharged respectively 1 such a way
that said unhulled rice are discharged from a peripheral edge
of said separating vessel and said unpolished rice from a
central bottom portion of said separating vessel;, wherein
said separating vessel 1s supported at peripheral edge por-
fions by a plurality of drive means arranged in said periph-
eral edge portions on the same radi1 from the center of said
separating vessel with arc lengths thereof being equal to one
another so that said peripheral edge portions of said sepa-
rating vessel may be sequentially driven elliptically by said
plurality of drive means to rotationally shake the whole of
said separating vessel, and as a result, the present invention
has made 1t possible to retain a constant level of separating
accuracy without any failure in separation which might
otherwise occur on the same separating plate, and further to
provide a rotary shaking separator which requires no rotary
shaft inserted through the central portion of the separating
vessel, thereby eliminating such defects that mounting 1s
difficult, maintenance 1s troublesome, or discharging of
unhulled 1ce 1s not facilitated.

Further, even 1n the case where a plurality of said circular
sets of separating plates are arranged 1n multi-row, since all
units of the separating plates can be driven with a synchro-
nous and steady rotational shaking motion as a whole, a
failure in separation cannot occur on the same separation
frame, thereby enhancing a separating ability proportional to
the number of rows.

What 1s claimed 1s:

1. A rotary shaking separator comprising;:

a separating vessel having a plurality of segmental sepa-
rating plates arranged 1 a cone-shaped form; and

a drive means for rotationally shaking said separating
vessel, so that once mixture composed of unhulled rice
and unpolished rice 1s supplied into a predetermined
position of said separating vessel, the components of
said mixture are discharged respectively 1n such a way
that said unhulled rice 1s discharged from a peripheral
edge of said separating vessel and said unpolished rice
from a central bottom portion of said separating vessel,

wherein said drive means includes a plurality of drives;

wherein said separating vessel 1s supported by said plu-
rality of drives which are arranged in peripheral edge
portions on the same radil from the center of said
separating vessel with arc lengths thercof being equal
to one another; and
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said peripheral edge portions of said separating vessel are
sequentially driven elliptically by said plurality of
drives so that the whole of said separating vessel 1s
shaken rotationally.

2. A rotary shaking separator 1in accordance with claim 1,
in which a plurality of electric motors are provided corre-
sponding to said plurality of drives as one-by-one.

3. A rotary shaking separator 1in accordance with claim 2,
further comprising:

a measuring unit for measuring a number of revolutions of
a drive shaft of each of said electric motors when said
plurality of electric motors 1s operated synchronously;
and

a controller for controlling every electric motor to have a
predetermined number of revolutions based on an out-
put from said measuring unit as well as for synchro-
nously operate each one of said plurality of electric
motors with a predetermined phase delay therebetween.

4. A rotary shaking separator 1n accordance with claim 1,

in which a single electric motor 1s used to actuate said
plurality of drives.

5. A rotary shaking separator 1n accordance with claim 4,

said drive means comprises:

an mput shaft rotatably arranged laterally so as to transmit
a revolution from said electric motor;

an 1ntermediate shaft connected to said input shaft via a
universal joint; and

an eccentric shaft axially attached to said intermediate
shaft;

wherein said peripheral edge portion of said separating
vessel 1s laterally supported by said eccentric shaft to
ogive an elliptical motion to said peripheral edge por-
tion.
6. A rotary shaking separator in accordance with either of
claim 2 or 3, in which each of said plurality of drives
COMPriSEs:

an 1nput shaft rotatably arranged wvertically so as to
transmit a revolution from said electric motor;

a swash plate cam axially attached to said input shaft; and

an output shaft which follows displacement caused by a
revolution of said swash plate cam to make an elliptical
locus;

wherein said peripheral edge portion of said separating
vessel 1s supported from under side by said output shaft
to give an elliptical motion to said peripheral edge
portion.
7. A rotary shaking separator 1n accordance with either of
claim 2 or 3, in which each of said plurality of drives
COMPIISES:

an 1nput shaft rotatably arranged vertically so as to
transmit a revolution from said electric motor;

a cam member through which said input shaft 1s mserted
and to which a swash plate cam 1s axially attached; and

an output shaft which 1s slidably moved on said swash
plate cam by the revolution of said mput shaft and
makes an elliptical locus by displacement rotationally
moving up and down;
wherein, said peripheral edge portion of said separating
vessel 1s supported from under side by said output shaft
to give an elliptical motion to said peripheral edge
portion.
8. A rotary shaking separator 1n accordance with either of
claim 2 or 3, in which each of said plurality of drives
COmMPrises:

an 1nput shaft rotatably arranged obliquely so as to
transmit a revolution from said electric motor;
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an eccentric shaft axially attached to said mput shaft;

a crank plate for converting a true circular motion of said
eccentric shaft to an elliptical motion; and

an output shaft axially attached to said crank plate to make
an elliptical locus;

wherein, said peripheral edge portion of said separating
vessel 1s obliquely supported from under side by said
output shaft to give an elliptical motion to said periph-
cral edge portion.

9. A rotary shaking separator in accordance with claim 1
in which a plurality of said separating vessels are arranged
in a multi-row configuration.

10. A rotary shaking separator in accordance with claim 9,
further comprising:

a circular dam disposed on said separating plates in a
center of each of said separating vessels and having a
unhulled rice discharging port;

a shutter for opening or closing said unhulled rice dis-
charging port; and

a unit for actuating said shutter;
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wherein said unit for actuating said shutter 1s actuated 1n
response to an output signal from a unhulled rice/
unpolished rice detection sensor for distinguishing
unhulled rice and unpolished rice 1n rice mixture from
cach other on the separating plates.

11. A rotary shaking separator 1n accordance with claim
10, 1n which each of said separating plates of each of said
separating vessels 1s constructed such that an inclination
angle thereof 1s allowed to be regulated respectively, and
said separator further comprises a regulator unit for regu-
lating the inclination angle of said separating plate.

12. A rotary shaking separator 1n accordance with claim
11, further comprising a level sensor for detecting a layer
thickness of the rice mixture on said separating plates,

15 wherein when said level sensor detects a level in thickness

20

of said rice mixture being over or under predetermined
levels, said regulator unit 1s actuated to set the inclination
angle of said separating plate toward a gentle angle direction
or toward a steep angle direction.
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